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US 9,436,196 B2

1
VOLTAGE REGULATOR AND METHOD

BACKGROUND

The semiconductor industry has experienced rapid growth
due to improvements in the integration density of a variety
of electronic components (e.g., transistors, diodes, resistors,
capacitors, etc.). For the most part, this improvement in
integration density has come from a shrinkage in physical
size of a semiconductor process node (e.g., a reduction in the
size of the process node toward that of a sub-20 nanometer
(nm) node).

Shrinking the semiconductor process node involves a
reduction in operating voltage and current consumption of
electronic circuits developed in the semiconductor process
node. For example, operating voltages have dropped from
5V to 3.3V, 2.5V, 1.8V, and even 0.9V. A wave of mobile
device popularity has increased pressure in the industry to
develop low power circuits that only drain a tiny operating
current from batteries that power the mobile devices. Lower
operating current extends battery life of battery-operated
mobile devices, such as smartphones, tablet computers,
ultrabooks, and the like.

Voltage regulators are circuits that output an ideally
constant voltage over a large range of current loads. Many
voltage regulators employ negative feedback that senses the
current load, and compensates for changes in the current
load to maintain a steady output voltage. Typically, a
tradeoff exists between output voltage stability and speed in
voltage regulator circuits.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
embodiments, and the advantages thereof, reference is now
made to the following descriptions taken in conjunction with
the accompanying drawings, in which:

FIG. 1 is a block diagram of an electronic circuit, in
accordance with one or more embodiments of the present
disclosure;

FIG. 2 is a circuit diagram of an electronic circuit, in
accordance with one or more embodiments of the present
disclosure;

FIG. 3 is a circuit diagram of a load current compensation
circuit of a voltage regulator, in accordance with one or more
embodiments of the present disclosure; and

FIG. 4 is a flowchart of a method of operating a voltage
regulator, in accordance with one or more embodiments of
the present disclosure.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The making and using of the present embodiments are
discussed in detail below. It should be appreciated, however,
that the present disclosure provides many applicable inven-
tive concepts that can be embodied in a wide variety of
specific contexts. The specific embodiments discussed are
merely illustrative of specific ways to make and use the
disclosed subject matter, and do not limit the scope of the
different embodiments.

Embodiments will be described with respect to a specific
context, namely voltage regulator circuits and related meth-
ods. Other embodiments may also be applied, however, to
other types of circuits.

Throughout the one or more figures and discussion, like
reference numbers refer to like objects or components. Also,
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although singular components may be depicted throughout
some of the figures, this is for simplicity of illustration and
ease of discussion. A person having ordinary skill in the art
will readily appreciate that such discussion and depiction
can be and usually is applicable for many components
within a structure.

In the following disclosure, a novel voltage regulator
circuit and method are introduced. The voltage regulator
circuit uses closed-loop current feedback to achieve fast
response time and accurate output voltage over a large range
of capacitor/current loads.

FIG. 1 is a block diagram of an electronic circuit 10 in
accordance with one or more embodiments of the present
disclosure. Electronic circuit 10 includes voltage regulator
11. Voltage regulator 11 is electrically connected to an
equivalent capacitor 12 and an equivalent current source 13.
Voltage regulator 11 provides output voltage VOUT to
equivalent capacitor 12 and equivalent current source 13,
and is configured to maintain output voltage VOUT at a
nominally constant level in the presence of changes in
equivalent capacitor 12 and equivalent current source 13. In
some embodiments, equivalent capacitor 12 represents a
capacitive load electrically connected to voltage regulator 11
generated by one or more electronic circuits electrically
coupled with voltage regulator 11. In a non-limiting
example, the electronic circuits are analog circuits (e.g.,
amplifiers, filters, or the like), digital circuits (e.g., registers,
flip-flops, logic gates, or the like), or other types of elec-
tronic circuits. In some embodiments, equivalent current
source 13 represents a current drawn by the electronic
circuits electrically coupled with voltage regulator 11. Fol-
lowing the previous example, one or more of the electronic
circuits are enabled at any time, and an output of voltage
regulator 11 varies with the quantity and power consumption
of the electronic circuits that are enabled and/or switched on
or off at any time. An example of a worst-case variation in
equivalent current source 13 would be if all cells of an array
switched at the same time, which would cause a substantial
transient, or “spike,” in equivalent current source 13. Volt-
age regulator 11, accordingly, mitigates the effect of the
transient on the voltage level of output voltage VOUT.

Output voltage VOUT is generated by amplifier circuit
120 and voltage buffer 100 in response to reference voltage
VREF. Reference voltage VREF is generated by resistive
divider 140 and bias circuit 130. Closed-loop current feed-
back circuit 110 and load current compensation circuit 150
stabilize output voltage VOUT. Voltage buffer 100 is elec-
trically coupled with closed-loop current feedback circuit
110. Voltage buffer 100 is electrically coupled with amplifier
circuit 120, and receives VOP from amplifier circuit 120.
Amplifier circuit 120 is electrically coupled with resistive
divider 140, and generates VOP in response to reference
voltage VREF. Resistive divider 140 is electrically coupled
with bias circuit 130, and generates reference voltage VREF
based on biasing conditions established by bias circuit 130.
Closed-loop current feedback circuit 110 provides closed-
loop current feedback based on operating conditions of
voltage buffer 100. Load current compensation circuit 150 is
electrically coupled with voltage buffer 100, and generates
bias current I_BIAS in a way that varies with load current
I_LOAD, such that I_BIAS+I_LOAD (or, “I_TAT™) is
nominally constant. Keeping output current I_TAT nomi-
nally constant aids in response time and stability, improving
performance of voltage regulator 11.

FIG. 2 is a circuit schematic diagram of the voltage
regulator voltage regulator 11, in accordance with one or
more embodiments of the present disclosure. The voltage
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regulator 11 is coupled with equivalent capacitor 12 and
equivalent current source 13. Bias circuit 130 provides first
bias current I_BIAS_RTUNE to resistive divider 140 by first
bias current source 231, and second bias current I_BIAS_OP
to amplifier circuit 120 by second bias current source 232.
In some embodiments, first bias current source 231 is a
constant current source, such as a bandgap current reference.
In some embodiments, second bias current source 232 is a
constant current source, such as a bandgap current reference.
A first terminal of first bias current source 231 is electrically
coupled with a first voltage supply node. A second terminal
of first bias current source 231 is electrically coupled with a
first terminal of resistive divider 140. A first terminal of
second bias current source 232 is electrically coupled with
the first voltage supply node. A second terminal of second
bias current source 232 is electrically coupled with a first
terminal of amplifier circuit 120.

Resistive divider 140 establishes reference voltage VREF
for input to amplifier circuit 120. In some embodiments,
resistive divider 140 includes a resistive divider circuit, as
shown in FIG. 2. Resistive device 241 of resistive divider
140 has a first terminal electrically coupled with the second
terminal of first bias current source 231. Resistive device
241 has a second terminal electrically coupled with a first
terminal of resistive device 242 at node 26. A second
terminal of resistive device 242 is electrically coupled with
a second voltage supply node. In some embodiments, the
second voltage supply node is ground. Embodiments in
which the second voltage supply node is a voltage node
other than ground are also contemplated herein. The resis-
tive divider circuit including resistive device 241 and resis-
tive device 242 establishes reference voltage VREF as
1_BIAS_RTUNE*R2, where R2 is resistive impedance of
resistive device 242.

Amplifier circuit 120 is an amplifier circuit that is elec-
trically connected as a unity gain buffer. In some embodi-
ments, amplifier circuit 120 is a two-stage amplifier. Tran-
sistor 223 and transistor 224 are a differential pair. A gate
electrode of transistor 223 is a non-inverting input terminal
of amplifier circuit 120. A gate electrode of transistor 224 is
an inverting input terminal of amplifier circuit 120. A source
electrode of transistor 223 is electrically coupled with a
source electrode of transistor 224. The gate electrode of
transistor 223 is electrically coupled with node 26 for
receiving reference voltage VREF.

Transistor 221 and transistor 222 are an active load. A
drain electrode of transistor 221 is electrically coupled with
a drain electrode of transistor 223. A drain electrode of
transistor 222 is electrically coupled with a drain electrode
of transistor 224. A gate electrode of transistor 221 is
electrically coupled with a gate electrode of transistor 222.
The gate electrode of transistor 222 is electrically coupled
with the drain electrode of transistor 222. Transistor 221,
transistor 222, transistor 223, transistor 224 are an amplifier
stage.

Transistor 225 is a second amplifier stage of amplifier
circuit 120. In some embodiments, transistor 225 is a source
follower. A gate electrode of transistor 225 is electrically
coupled with node 25. A drain electrode of transistor 225 is
an output node of amplifier circuit 120, and is electrically
coupled with the gate electrode of transistor 224. As
described, amplifier circuit 120 is configured as a unity gain
buffer. Output voltage of the unity gain buffer is substan-
tially equal to the input voltage at the non-inverting input
terminal of the unity gain buffer. In at least some embodi-
ments, the output voltage of the unity gain buffer tracks the
input voltage at the non-inverting input terminal of the unity
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gain buffer. Amplifier output voltage VOPOUT is substan-
tially equal to reference voltage VREF. In at least some
embodiments, the amplifier output voltage VOPOUT tracks
reference voltage VREF. Amplifier circuit 120 provides near
infinite impedance looking out from node 26, so that opera-
tion of amplifier circuit 120 does not change reference
voltage VREF. Amplifier circuit 120 is also an active circuit,
so amplifier circuit 120 is configured to provide the output
voltage under a wide range of current loads.

Voltage buffer 100 and closed-loop current feedback
circuit 110 act as a buffer and sensor circuit that outputs
output voltage VOUT substantially equal to amplifier output
voltage VOPOUT and reference voltage VREF, while fur-
ther sensing variation in load current I_LLOAD drawn by
equivalent current source 13. Transistor 201 and transistor
202 are electrically coupled as a current mirror circuit. In
some embodiments, transistor 201 and transistor 202 are
both N-type metal-oxide-semiconductor (NMOS) transis-
tors. A source electrode of transistor 201 is electrically
coupled with the drain electrode of transistor 225 at node 23.
A drain electrode of transistor 201 is electrically coupled
with a gate electrode of transistor 201 at node 21. A gate
electrode of transistor 201 is electrically coupled with a gate
electrode of transistor 202. Output voltage VOUT is out-
putted at a source electrode of transistor 202. Output current
I_TAT is total current (I_LOAD+I_BIAS) drawn through
transistor 202 and transistor 212.

In some embodiments, transistor 212 and transistor 211
are P-type metal-oxide-semiconductor (PMOS) transistors.
Transistor 212 senses I_TAT, and forms a feedback current
mirror with transistor 211. A drain electrode of transistor 212
is electrically coupled with the drain electrode of transistor
202. The drain electrode of transistor 212 is also electrically
coupled with a gate electrode of transistor 212 at node 22.
A gate electrode of transistor 211 is electrically coupled with
the gate electrode of transistor 212. A drain electrode of
transistor 211 is electrically coupled with the drain electrode
and gate electrode of transistor 201 at node 21. In some
embodiments, when output current I_TAT increases, output
voltage VOUT is temporarily pulled down. Transistor 212
mirrors the increase in output current I_TAT to transistor
211. The increase in current flowing through transistor 211
increases current flowing through transistor 201. The
increased current flowing through transistor 201 causes the
voltage at node 21 to increase. The increase in the voltage at
node 21 pulls up output voltage VOUT.

In addition to closed-loop current feedback circuit 110,
load current compensation circuit 150 also provides current
compensation to aid in keeping output current I_TAT con-
stant. Variable bias current source 352 of load current
compensation circuit 150 provides a bias current that varies
with changes in load current I_LLOAD drawn by equivalent
current source 13.

FIG. 3 is a circuit schematic diagram of load current
compensation circuit 150, in accordance with one or more
embodiments of the present disclosure. Variable bias current
source 352 provides a variable bias current in response to
changes in load current I_LLOAD drawn by equivalent
current source 13. Control of variable bias current source
352 is accomplished by transistor 355, current source 357,
current source 358, reference current source 350, current
source 359, and current source 356.

Reference current source 350 is a reference current source
that establishes I_TAT/N, where N is a positive number
typically greater than 1. Through multiplication by N, a
target value for output current I_TAT as the sum of load
current I LOAD and bias current I_BIAS is set. In some
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embodiments, the target value for output current I_TAT is
voltage buffer 100 microamperes, N is voltage buffer 100,
and I_TAT/N is 1 microampere. In some embodiments,
reference current source 350 is a bandgap current source.

I_TAT/N is split into a current drawn by current source
356, and a current drawn by current source 359. The current
drawn by current source 359 is proportional to I_T.OAD.
The current drawn by current source 356 is proportional to
1_BIAS. Bias current I_BIAS is variable in response to a
control by current source 356. Current source 356 is elec-
trically coupled with reference current source 350 and
variable bias current source 352, and current source 359 is
electrically coupled with reference current source 350.

Transistor 355, current source 357, and current source 358
feedback changes in load current I_T.OAD to current source
359. Transistor 355 forms a current mirror with transistor
212. In some embodiments, transistor 355 is a PMOS
transistor. A gate electrode of 335 is electrically coupled
with the gate electrode of transistor 212 at node 22. Current
conducted by transistor 355 is responsive to changes in the
voltage at node 22, and by extension to changes in current
conducted by transistor 212, namely output current I_TAT,
and further to changes in I_LOAD. For example, an instant
change in load current I_LLOAD that temporarily increases
output current I_TAT lowers the voltage at node 22, and
increases the current flowing through transistor 355. The
opposite is true for an instant change in load current
1I_LOAD that temporarily decreases output current I_TAT.
Transistor 355 is configured to provide information on
electrical current variations in I_LOAD. In some embodi-
ments, the current conducted by transistor 355 is equal to
1_TAT/N.

The current conducted by transistor 355 is split between
current source 357 and current source 358. The sum of
currents drawn by current source 357 and current source 358
is the current flowing through transistor 355. Current source
357 conducts current proportional to bias current I_BIAS,
and current source 358 conducts current proportional to load
current I TOAD. Current source 357 forms a current mirror
with current source 356. Electrical current flowing through
current source 357 is proportional to and tracks electrical
current flowing through current source 356. In some
embodiments, the current flowing through current source
357 equals the current flowing through current source 356.
Current source 357 is electrically coupled with current
source 356. Current source 358 is electrically coupled with
current source 359. In some embodiments, the current
conducted by current source 359 is equal to, and controlled
by, the current conducted by current source 358.

Detailed description of operation of reference current
source 350, current source 356, current source 359, transis-
tor 355, current source 358, and current source 357 follows.
An example is given for illustrative purposes.

Assuming load current I_LLOAD increases, to maintain
fixed output current I_TAT, bias current I_BIAS should be
reduced. When load current I_LOAD increases, output
current _TAT increases temporarily, which causes I_TAT/N
generated by transistor 355 to increase temporarily. Because
current flowing through current source 357 is controlled by
current source 356, and current source 356 is unaffected by
the increase in I_TAT/N at transistor 355, the current
increase is transferred completely to current source 358.
When the current flowing through current source 358
increases temporarily due to the increase in load current
I_LOAD as just described, the current flowing through
current source 359 increases due to the current mirror
relationship between current source 359 and current source
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358. Because the current flowing through current source 359
is increased, and I_TAT/N conducted by reference current
source 350 is a fixed value, the current flowing through
current source 356 decreases. As a result of the mirror
relationship between current source 356 and variable bias
current source 352, the decrease in the current flowing
through current source 356 causes a proportional decrease in
bias current I_BIAS conducted by variable bias current
source 352. Output current I_TAT is then restored to the
target value by the lower bias current I_BIAS responsive to
the higher I_LOAD. The current flowing through current
source 357 is also lowered in response to the decrease in the
current flowing through current source 356, which restores
I_TAT/N conducted by transistor 355 to its original value
prior to the temporary increase caused by the increase in
I_LOAD. In the case of decreasing I_LLOAD, the opposite
effect occurs.

In some embodiments, load current compensation circuit
150 further includes transistor 353, current source 354, and
current source 351. Transistor 353, current source 354, and
current source 351 maintain current conducted by transistor
201 and transistor 211 at a predetermined value by a similar
feedback mechanism to that just described. Current source
351 is a variable current source that is controlled by a current
mirror relationship with current source 354. Increases in
current conducted by current source 354 result in propor-
tionate increases in mirror current I_CM1 conducted by
current source 351. Decreases in the current conducted by
current source 354 result in proportionate decreases in
mirror current I_CM1. Continuing the above example of an
increase in I_TLOAD, output current I_TAT increases tem-
porarily. A current mirror relationship between transistor
353 and transistor 212 causes a temporary increase in
current supplied by transistor 353. The increase in the
current supplied by transistor 353 increases the current
conducted by current source 354. The increase in the current
conducted by current source 354 causes an increase in
mirror current |_CM1. Experimental results have shown that
inclusion of transistor 353, current source 354, current
source 351 allows designers to select a lower-performance
specification for amplifier circuit 120 while maintaining
performance of electronic circuit 10.

FIG. 4 is a flowchart of a method 40 of operating
electronic circuit 10, in accordance with one or more
embodiments of the present disclosure. Description of the
method 40 in terms of electronic circuit 10 should not,
however, be considered limiting on the method 40. Embodi-
ments of the method 40 as applied to other voltage regulator
configurations should also be considered within the scope of
the disclosure.

Voltage buffer 100 outputs output voltage VOUT at a
predetermined value in operation 400. In some embodi-
ments, the predetermined value is set by resistive divider
140 as reference voltage VREF. In some embodiments, the
method 40 further includes buffering reference voltage
VREEF by at least voltage buffer 100. In some embodiments,
the method 40 further includes buffering reference voltage
VREF by amplifier circuit 120. Closed-loop current feed-
back circuit 110 further provides closed-loop current feed-
back in operation of voltage buffer 100.

A change in output current I_TAT is sensed by closed-
loop current feedback circuit 110 in operation 410. When
output current I_TAT increases, the voltage at node 22
decreases. When output current I_TAT decreases, the volt-
age at node 22 increases. In some embodiments, the change
in output current I_TAT is due to a change in load current
1. LOAD.
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Output current I_TAT conducted by voltage buffer 100 is
restored to the target value by changing bias current I_BIAS
of load current compensation circuit 150 in response to the
change in output current I_TAT in operation 420. Bias
current I_BIAS is changed by mirroring the current of
current source 356 in variable bias current source 352. The
current of current source 356 is changed through operation
of transistor 355, current source 357, current source 358,
current source 359, and reference current source 350. Cur-
rent feedback is performed by mirroring output current
I_TAT from transistor 212 to transistor 355, mirroring the
current of current source 358 to current source 359, and
mirroring the current of current source 356 to variable bias
current source 352.

The discussed embodiments achieve at least one of the
following advantages. Electronic circuit 10 is an open-loop
design, which provides a speed advantage over closed-loop
approaches. Load current compensation circuit 150 allows
for a wide range of output capacitor/current load, while also
minimizing ground level dynamic range. Fixed output cur-
rent I_TAT at the output of electronic circuit 10 minimizes
voltage damping and improves output voltage accuracy.

In accordance with one or more embodiments of the
present disclosure, a device comprises a voltage buffer, a
load compensation circuit, and a closed-loop current feed-
back circuit. The voltage buffer is configured to output an
output voltage and an output current. The output current is
the sum of a load current and a bias current. The load
compensation circuit is configured to output the bias current
at a variable level based on a variation in the load current.
The closed-loop current feedback circuit is configured to
feedback a voltage level based on the variation to the load
compensation circuit.

In accordance with one or more embodiments of the
present disclosure, a device comprises a resistive divider, an
amplifier circuit, a voltage buffer, a closed-loop current
feedback circuit, and a load current compensation circuit.
The resistive divider is configured to output a reference
voltage. The amplifier circuit is configured to output a first
voltage equal to the reference voltage. The voltage buffer is
configured to output an output voltage equal to the first
voltage. The closed-loop current feedback circuit is config-
ured to output a second voltage based on an output current
of the voltage buffer. The load current compensation circuit
is configured to vary the output current and a second current
of the voltage buffer based on the second voltage.

In accordance with one or more embodiments of the
present disclosure, a method comprises outputting an output
voltage at a predetermined value using a voltage buffer of a
voltage regulator; sensing a change in output current of the
voltage buffer using a closed-loop current feedback circuit;
and restoring the output current to a target value by changing
a bias current of a variable current source in response to the
change in the output current.

As used in this application, “or” is intended to mean an
inclusive “or” rather than an exclusive “or”. In addition, “a”
and “an” as used in this application are generally be con-
strued to mean “one or more” unless specified otherwise or
clear from context to be directed to a singular form. Also, at
least one of A and B and/or the like generally means A or B
or both A and B. Furthermore, to the extent that “includes”,
“having”, “has”, “with”, or variants thereof are used in either
the detailed description or the claims, such terms are
intended to be inclusive in a manner similar to the term
“comprising”. Moreover, the term “between” as used in this
application is generally inclusive (e.g., “between A and B”
includes inner edges of A and B).
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Although the present embodiments and their advantages
have been described in detail, it should be understood that
one or more changes, substitutions, and alterations can be
made herein without departing from the spirit and scope of
the disclosure as defined by the appended claims. Moreover,
the scope of the present application is not intended to be
limited to the particular embodiments of the process,
machine, manufacture, composition of matter, means, meth-
ods, and steps described in the specification. As one of
ordinary skill in the art will readily appreciate from the
disclosure, processes, machines, manufacture, compositions
of matter, means, methods, or steps, presently existing or
later to be developed, that perform substantially the same
function or achieve substantially the same result as the
corresponding embodiments described herein may be uti-
lized according to the present disclosure. Accordingly, the
appended claims are intended to include within their scope
such processes, machines, manufacture, compositions of
matter, means, methods, or steps.

What is claimed is:

1. A device comprising:

a voltage buffer comprising first and second transistors
and being configured to output an output voltage and an
output current, the output current being a sum of a load
current and a bias current;

a load compensation circuit configured to output the bias
current at a variable level based on a variation in the
load current; and

a closed-loop current feedback circuit comprising a cur-
rent mirror including a third transistor and a fourth
transistor and configured to mirror the output current,
the closed-loop current feedback circuit configured to
feedback a voltage level based on the variation to the
load compensation circuit,
wherein the first transistor of the voltage buffer com-

prises a drain electrode coupled with a gate electrode
of the first transistor.

2. The device of claim 1, wherein the load compensation

circuit comprises:

a reference current source configured to provide a refer-
ence current proportional to the output current;

a feedback current source configured to mirror the output
current including the variation;

a current mirror configured to feedback a first current
proportional to the load current;

a current source configured to output a second current
equal to a difference between the reference current and
the first current; and

a bias current source configured to output the bias current
proportional to the second current by mirroring the
second current.

3. The device of claim 1, wherein the voltage buffer

comprises:

the first transistor comprising:

a source electrode coupled with a reference voltage
node; and

the second transistor comprising:

a source electrode coupled with the load compensation
circuit; and

a gate electrode coupled with the gate electrode of the
first transistor.

4. The device of claim 3, wherein the closed-loop current

feedback circuit comprises:

the third transistor comprising:

a drain electrode coupled with a drain electrode of the
second transistor; and
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a gate electrode electrically coupled with the drain
electrode of the third transistor; and

the fourth transistor comprising:

a drain electrode coupled with the gate electrode of the
first transistor; and

a gate electrode coupled with the gate electrode of the
third transistor.

5. The device of claim 1, further comprising:

a resistive divider configured to output a reference voltage
equal to the output voltage; and

an amplifier circuit configured to output a voltage equal to
the reference voltage to the voltage buffer.

6. The device of claim 5, wherein the amplifier circuit is

electrically connected as a unity gain buffer.

7. A device comprising:

a resistive divider configured to output a reference volt-
age;

an amplifier circuit configured to output a first voltage
equal to the reference voltage;

a voltage buffer comprising first and second transistors
and being configured to output an output voltage equal
to the first voltage;

a closed-loop current feedback circuit comprising a cur-
rent mirror including a third and a fourth transistor and
configured to output a second voltage based on an
output current of the voltage buffer; and

a load current compensation circuit configured to vary the
output current and a second current of the voltage
buffer based on the second voltage,
wherein the first transistor of the voltage buffer com-

prises a drain electrode coupled with a gate electrode
of the first transistor.

8. The device of claim 7, wherein

the voltage buffer comprises:
the first transistor comprising:

a source electrode coupled with an output terminal of
the amplifier circuit; and
the second transistor comprising:
a source electrode coupled with the load compensa-
tion circuit; and
a gate electrode electrically coupled with the gate
electrode of the first transistor; and

the load current compensation circuit comprises:

a current mirror configured to output the second current
to the first transistor based on the second voltage.

9. The device of claim 8, wherein the closed-loop current

feedback circuit comprises:

the third transistor comprising
a drain electrode coupled with a drain electrode of the

second transistor; and
a gate electrode coupled with the drain electrode of the
third transistor; and

the fourth transistor having:

a drain electrode coupled with the gate electrode of the
first transistor; and

a gate electrode coupled with the gate electrode of the
third transistor.

10. The device of claim 7, wherein the load compensation

circuit comprises:

a reference current source configured to provide a refer-
ence current proportional to the output current;

a transistor configured to mirror the output current;

a first current source configured to draw a first current
from the reference current source, the first current being
proportional to a load current component of the output
current;
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a second current source configured to draw a second
current from the reference current source, the second
current being equal to a difference between the refer-
ence current and the first current;

a third current source configured to draw a third current
from the transistor, the third current being proportional
to the load current component;

a fourth current source configured to draw a fourth current
from the transistor, the fourth current being mirrored
from the second current source; and

a bias current source configured to vary the output current
by outputting the bias current by mirroring the second
current.

11. The device of claim 10, wherein the load compensa-

tion circuit further comprises:

a second transistor configured to mirror the output cur-
rent;

a fifth current source configured to draw a fifth current
from the second transistor, the fifth current being
proportional to the output current; and

a sixth current source configured to mirror the fifth current
to draw a sixth current at an output node of the
amplifier circuit.

12. The device of claim 7, further comprising:

a bias circuit configured to supply a first bias current to the
resistive divider, and to supply a second bias current to
the amplifier circuit.

13. A method comprising:

outputting an output voltage at a predetermined value
using a voltage buffer of a voltage regulator, the voltage
buffer comprising first and second transistors, the first
transistor having a drain electrode coupled with a gate
electrode of the first transistor;

sensing a change in output current of the voltage buffer
using a current mirror of a closed-loop current feedback
circuit to mirror the output current; the current mirror
including at least two transistor different from the first
and the second transistors of the voltage buffer; and

restoring the output current to a target value by changing
a bias current of a variable current source in response
to the change in the output current.

14. The method of claim 13, wherein restoring the output

current further comprises:

mirroring the output current using a third transistor to
generate a first mirrored current;

drawing a first current proportional to the bias current
from the third transistor;

drawing a second current as a difference between the first
mirrored current and the first current;

generating a reference current by a reference current
source;

drawing a third current equal to the second current from
the reference current source;

drawing a fourth current as a difference between the
reference current and the third current; and

changing the bias current by mirroring the fourth current.

15. The method of claim 14, further comprising:

mirroring the output current using a fourth transistor to
generate a second mirrored current;

drawing a fifth current from the fourth transistor equal to
the second mirrored current; and

varying input voltage of the voltage buffer by mirroring
the fifth current to an input terminal of the voltage
buffer.

16. The method of claim 13, wherein sensing the change

further comprises:
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sensing a change in load current drawn from the voltage
buffer using a load circuit coupled with the voltage
buffer.
17. The method of claim 13, further comprising:
generating a reference voltage using a bias circuit and a
resistive divider; and
outputting a first voltage to the voltage buffer using an
amplifier circuit based on the reference voltage.
18. The method of claim 17, wherein outputting the first
voltage further comprises:
buffering the first voltage using a unity gain buffer includ-
ing the amplifier circuit.
19. The method of claim 13, wherein sensing the change
further comprises:
conducting the output current through a third transistor;
and
outputting a first voltage at a gate electrode of the third
transistor based on a magnitude of the output current.
20. The method of claim 19, wherein restoring the output
current further comprises:
restoring the output current to the target value by chang-
ing the bias current of the variable current source based
on the first voltage.
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